Abstract: In this study, the results obtained by the mechanical treatment of bentonite clay Zavidinci, Serbia in a laboratory vibration mill with rings for different periods of time are presented. The successive structural changes of the minerals were studied by X-ray diffraction analysis, DTA analysis, IR spectroscopy and particle size distribution. The reactivity changes were controlled by CEC. The starting material and the material mechanically treated for 30 min were sintered at several temperature and for different time periods examined by X-ray diffraction. Mechanical treatment by fine grinding of bentonite clay produces structural changes of the powdered material and influences its behavior in further processing steps in particular after thermal treatment.
INTRODUCTION
Mechanical treatment by grinding of clay minerals produces important changes of powdered materials and influences their behavior in further processing steps.
The processes involved have been widely studied, especially for kaolinite. [1] [2] [3] [4] Dry grinding causes a decrease in the degree of crystallinity of kaolinite crystals, leading to the formation of reactive surfaces or changes in the physicochemical behavior.
With respect to bentonite, Köller et al. 5 studied grinding in a ball mill, under dry and wet conditions. Novak et al. 6 observed parallel texture in smectite crystals after short time of vibration grinding.^i~el and Kranz 7 described the process of mechanical treatments of montmorillonite. The destruction can be described as a series of parallel changes occurring at various rates.
Volzone et al. 8 studied the effect of milling on the structure and texture of a natural bentonite and in several monoionic forms. When pyrophyllite is submitted to mechanical and thermal treatments, 9 significant changes take place, according to X-ray diffraction and DTA results. The objective of the present work was the characterization of the physicochemical changes produced during mechanical treatment of a natural bentonite clay in a vibro mill and the influence of the grinding on the behavior this raw material during thermal treatment.
EXPERIMENTAL

Material and methods of analysis
The starting material used for the experimental work was a natural raw material of bentonite clay from Zavidinci-Pirot, Serbia, which contains predominantly montmorillonite mineral (> 60 %) with accompanying minerals (feldspar, quartz, crystobalite and illite).
The chemical composition of the starting material is given in Table I . The bentonite clay was mechanically treated in a laboratory vibration CAP mill, Type Mn 953/3-KHD Humbolt Wedag, for 10, 30, 60 and 120 min. During the grinding, the mill and the sample formed a closed system preventing the evaporation of water.
The structural properties of the starting and mechanically treated bentonite clay were determined by X-ray diffraction analysis. The X-ray diffractograms (XRD) were obtained on a Philips PW-1710 with a copper tube operating at 40 kV and 35 mA. The instrument was equipped with a diffracted beam curved graphite monochromator and a Xe-filled proportional counter. Difraction data were collected in the range of 2q from 4º to 15º.
Thermal analysis was performed in an air atmosphere with a Netzsch STA-409 EP instrument at heating rate of 10 ºC/min.
Infrared absorption spectra were recorded on a Perkin-Elmer model 377 spectrophotometer using the KBr pellets technique.
Changes in particle size distribution were determined on a Coulter Multisizer. The cation exchange capacity was detemined by the standard ammonium acetate method. The starting material and mechanically treated samples were shaped into laboratory testing bodies in the shape of pallets using a hydraulic press under a pressure of 20 MPa. The dried samples were then sintered at temperatures of 1050, 1100 and 1150 ºC. Retention time at determined temperatures was 15, 30, 60 and 120 min. Characterization of both non treated and treated sintered materials were performed by X-ray diffraction analysis.
RESULTS AND DISCUSSION
Thermal analysis
The DTA curves of the starting bentonite clay Zavidinci and samples mechanically treated for different treatment times (10, 30, 60 and 120 min) are presented in Fig. 1 . The first endothermic effect results from a dehydration reaction. The second effect is associated with dehydroxylation, third endo effect simultaneously included decarbonisation and dehydroxylation which are overlaping. The fourth endo-reaction is connected to the disappearence of the layered structure of the montmorillonite mineral. After 120 min grinding exothermic effect at 970 ºC occurs, it is characteristic of development of high temperature phases with a spinel-type structure.
The DTA analysis showed that with increasing mechanical treatment time, dehydroxylation reaction and the disappearance of the layered structure occur at lower temperatures. This is probably caused by a decrease of the energy of the OH-group bond in the structure of the bentonite clay resulting from mechanical treatment.
X-Ray diffraction
The X-ray diffractograms of the starting natural material and the product of 120 min grinding are given in Fig. 2 . The changes of the intensity and width of diffraction reflection maximum (001) in montmorillonite mineral was monitored. The intensity of the diffraction line of the sample ground for 120 min decreased relative to the untreated sample and the peak width increased becoming more diffusive. This indicates a gradual disturbance of the crystal structure.
IR-Spetroscopy
Infrared absorption spectra of starting and mechanically treated samples are given in Fig. 3 . It can be seen that with increasing mechanical treatment time, changes in the shape and width of the absorption bands are observed, indicating a progressive structural degradation.
The IR spectrum of the natural sample showed, ranges besides bands characteristic for montmorillonite, also bands within the wave numbers from 950 to 1200 cm -1 and from 800 to 808 cm -1 , which were overlapped and modified, but belong to a-SiO 2 . With prolonged mechanical treatment, the intensity of the 855 cm -1 band, which belongs to Al-O-H vibrations decreases and disappears entirely after 120 min grinding. The bands, which belong to a-SiO 2 are changed giving one band of 800 cm -1 and the band at 629 cm -1 caused by Si-O vibrations in the tetrahedral layer decreases in intensity. Similar ef- fects are observed with the bands at 530 cm -1 and 478 cm -1 which are for montmorillonites of high intensity (they result from Si-O-Al, Si-O-Si and Si-O vibrations). 10 This was not the case in this work due to the presence of accompanying minerals and overlapping of bands. During mechanical treatment of the samples, they lose in intensity and sharpness and, after 60 min fragmentation, a shoulder appears at 490 cm -1 .
Particle size distribution
As shown in Fig. 4 , extending the grinding time led to an increasing content of finer particles for samples mechanically treated for 10 and 30 min. With prolonged grinding time, 60 and 120 min, an anomaly occurs which is the consequence of agglomeration. In other words, the curves of these blips shifted to the right when going from the sample treated for 30 min to the samples subjected to prolonged grinding.
Cation exchange capacity
The reactivity changes were controlled by CEC. The cation exchange capacity (CEC) for all the samples is given in Table II. The data given in Table II show that mechanical treatment of the sample causes an increase of the CEC from 65.28 meq/100 g for the starting sample to 85.29 meq/100 g for the treated sample for 120 min. This increase in the CEC is explained by the production of extensive crystal defects in the Al 3+ octahedral position. 
Thermal treatment
In the paper shown a comparative X-ray diffractograms of the starting sample and a sample mechanically treated for 30 min, both thermally treated at 1150 ºC for 60 min, are given in Fig. 5 . Another results were not described and no comment on, because there were abundant of dates.
X-Ray diffraction analysis of the starting material sintered at 1150 ºC showed that cristobalite, mullite, quartz and diopside were the predominant high temperature phases. The mineralogical composition of the material ground for 30 min and sintered at 1150 ºC was same, but the intensity of the diopside and mullite reflections increased. It is known that the intensity of the mullite reflections is never very great and that this phase is not abundant and very well crystallized in pure montmorillonite. 
CONCLUSION
Fine grinding of bentonite clay in vibration mill produces changes in its physical and chemical characteristics:
-With prolongation of the grinding time, the crystallinity of the monitored mineral decreases.
-Thermal analysis shows that some OH groups become unstable during grinding, which results in a decrease of the temperature of dehydroxylation of bentonite clay. The appearance of an exothermic effect which is not present in unground samples can be seen.
-The intensity of the vibration bands in the range 400-1200 cm -1 in the IR spectrum show gradual structural changes.
-The reactivity of bentonite clay, monited by CEC, increase during the grinding. By grinding of bentonite clay, the course of happenings in solid-state reactions which occur during further heating can be influenced. The intensity of mullite formation, which represents the high teperature phase desirable in ceramic systems, was much higher in the ground samples than in natural bentonite clay. U ovom radu su predstavqeni rezultati koji su dobijeni mehani~kim tretmanom bentonitske gline Zavidinci, Srbija, u vibro mlinu sa prstenovima i razli~itim vremenskim periodima mlevewa. Promene u strukturi isptivane sirovine su pra}ene rendgenskom difrakcijom, DTA analizom, IR spektroskopijom, raspodelom veli~ine~estica, a promene reaktivnosti su pra}ene kontrolom kapaciteta katjonske razmene. Polazni ispitivani materijal i materijal mehani~ki obra|en 30 minuta su toplotno tretirani na nekoliko temperatura i razli~itih vremena. Nakon toga su prou~eni rendgenskom difrakcijom. Mehani~ka obrada bentonitske gline, finim mlevewem, dovodi do strukturnih promena u pra{kastom materijalu i uti~e na slede}e procese prerade kao {to je termi~ki tretman.
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